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Background: Parkinson’s disease (PD) is a common degenerative neurological disorder that causes loss of
independence and decreased quality of life. The prevalence of PD tends to increase with age. In China, the
morbidity rate of PD among people aged more than 65 years old is 1.70%. As an important component of
traditional Chinese Qigong exercises, Tai Chi is a popular and safe exercise, especially for older adults in China. And
it may result in promising gains for PD patients. However, current evidence is insufficient to inform the use of Tai
Chi in the management of PD. Therefore, the aim of this trial is to systematically evaluate the effect of Tai Chi on
PD and determine whether Tai Chi is an eligible exercise program for Chinese PD patients.
Methods/Design: A single-blind, parallel randomized controlled trial will be conducted. One hundred and
forty-two patients with PD will be randomly assigned to a Tai Chi group (n = 71) or routine exercise group (n = 71).
Subjects will participate in supervised study programs 3 times per week for 2 months and will be followed for an
additional 6 months after formal training stops. The primary outcome measures include Berg Balance Scale, Timed
Up and Go Test and Six-Minute Walk Test, which are known to be valid and reliable clinical instruments. The Unified
Parkinson’s Disease Rating Scale Motor Section and Parkinson’s Disease Questionnaire-39 will be used as the
secondary outcome measure. All outcomes will be measured at baseline, 2 and 8 months. The sample for this trial
(N = 142) will provide relevant information to detect the improvement of balance, gait and quality of life in either
of the 2 exercise groups.
Discussion: Findings from this study will provide insights into the effects of Tai Chi in people with PD. The
information gained from this project has the potential to influence the clinical decisions of Chinese doctors, and
will provide clear evidence as to whether Tai Chi should be advocated in people with PD.
Trial registration: The trial was registered at (ChiCTR-TRC-14004549) on 22 April 2014.
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Parkinson’s disease (PD) is a common neurodegenerative
disorder that is associated with four landmark symptoms
of resting tremor, bradykinesis, rigidity and decreased
postural reflexes [1]. Globally, there are at least 4 million
people estimated to be diagnosed with PD [2]. Although
the specific causes of PD are unknown, incidence in-
creases with age, especially after 50 years old [3]. In China,
PD prevalence is 1.70% in people aged more than 65 years* Correspondence: yanyangdr@126.com
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unless otherwise stated.old [4]. It is reported that in people with PD it is common
to develop a slow, shuffling and dysrhythmic gait [5]. Also,
most people with PD will ultimately develop impaired
balance [6]. Despite advances in medical care, gait disturb-
ance and balance decrements worsen as the disease pro-
gresses, contributing to loss of independence, falls and
poor quality of life [7]. Therefore, people with PD grad-
ually place a strain on societies, healthcare and financial
systems.
Exercise, as one of non-pharmacological interventions
in assisting the treatment of PD, has demonstrated effi-
cacy in improving gait disturbance, balance decrementshis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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improve brain health by suppressing oxidative stress,
stabilizing calcium homeostasis and plasticity-related
changes in the central nervous system including en-
hanced glucose utilization, synaptogenesis, angiogenesis
and neurogenesis [11-14]. Also, there is supporting evi-
dence indicating that intensive exercise is more effective
in controlling balance and gait for PD in relevant studies
[15]. However, the prevalence of older Chinese people
using such exercises is quite low. As an important compo-
nent of traditional Chinese Qigong exercises, Tai Chi is an
ancient art and science of healthcare that is quite popular
with Chinese older adults.
Tai Chi, as a mind-body exercise, consists of a series of
dance-like movements linked in a continuous sequence,
flowing slowly and smoothly from one movement to an-
other that emphasizes weight transfer and movement of
the body [16]. By doing so, it may improve postural con-
trol that can also benefit balance, gait and quality of life
and some studies have demonstrated the beneficial effects
of Tai Chi in improving gait and balance [16-18]. The last
systematic review concluded that Tai Chi resulted in
promising gains in mobility and balance among PD pa-
tients, but they were significantly limited due to small
sample size, short follow-up period, poor methodological
quality and heterogeneity in population characteristics
with few Chinese PD patients being included [19,20]. Thus,
new and high-quality randomized controlled trials are
warranted to prove the previous findings, especially for
Chinese PD patients.
The aim of this randomized controlled trial is to
systematically evaluate the effect of Tai Chi in im-
proving gait, balance and quality of life in patients
with PD in China by observing the difference between
the Tai Chi group and routine exercise group. The
hypothesis is that patients with PD who are treated
with Tai Chi will experience a greater reduction in
Parkinsonian symptoms as well as improved gait, balance




A single-blind (assessors), parallel randomized con-
trolled trial will be conducted to compare Tai Chi with
routine exercise (allocation ratio 1:1). The study period
is 8 months including a 2-month supervised intervention
and a 6-month follow-up with the primary outcome
measured at baseline, 2 and 8 months. The primary site
for conduct of the study, including all study visits and
Tai Chi interventions will be conducted at the Affiliated
Hospital of Jining Medical University, Jining, Shandong,
China. Routine exercise will be conducted in a home-
based environment.Participants and recruitment
People attending Medicine for the Elderly or Neurology
outpatient appointments at Affiliated Hospital of Jining
Medical University, Jining, Shandong, China, for diag-
nosed or probable PD will be invited to participate in
the study.
Inclusion criteria
1. Adults diagnosed with, or with probable idiopathic,
PD with a disease severity rating of stage 1 to 4 on the
Hoehn and Yahr scale (which ranges from 1 to 5, with
higher scores indicating more severe disease) [21].
2. Prescribed one or more anti-parkinsonian
medications by a consultant neurologist or
consultant physician with specialist knowledge of
neurological disorders.
3. Chinese speaking and literate (participants are
required to actively engage in the therapy process).
4. Stable medication use; that is, not altered within the
previous month and not expected to change during
the period of the research project (8 months).
5. Without dementia or significant cognitive
impairment. The clinical team will judge whether
the patient has the cognitive capacity required to
participate in the trial; that is, has read patient
information, complete self-report questionnaires and
engaged actively in the intervention process.
6. Willing to be assigned to any of the two
interventions.
Exclusion criteria
1. Suspected Parkinsonism due to causes other than
idiopathic PD.
2. Current participation in any other behavioral or
pharmacologic study or instructor-led exercise
programs.
3. Participation of a structured exercise program in
the preceding 2 months.
4. Unavailability during the period of the study.
Recruitment
Based on inclusion criteria 1, 2, 3, 4 and 5, participant
identification will be performed by the clinical team 2
weeks prior to upcoming outpatient appointments. An
information package containing: a patient invitation letter,
participant information sheet, and a consent form will be
posted out to potentially eligible participants. The patient
information will be supplemented by an information sheet
for the spouse/carer. Patients will be required to return
the participant information sheet and the accompanying
consent form. Patients who did not return the materials
will be contacted by telephone to discuss their suitability
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but do not meet eligibility criteria will be thanked for their
interest. Eligible patients will be approached for their con-
sent to participate in the trial on the day they attend clinic
for their outpatient appointment. If the consent is ob-
tained, the patient would be recruited and the whole
recruitment will be achieved by a 10- to 12-month rolling
program (Figure 1).
Randomization
After completing the baseline test, each participant will
learn his/her group assignment by receiving a sealed,
sequentially-numbered envelope from the project director
and opening the envelope that contains the group assign-
ment randomly assigned to his/her sequence number. The
sequence numbers are generated by using Statistical Pack-
age for the Social Sciences (SPSS) 18.0 statistical software
(SPSS Inc., Chicago, IL, USA). Measurement technicians




All participants will be measured before commencing
each intervention (pre-test) and upon completion (post-
test). The primary outcome measure includes the Berg
Balance Scale (BBS), Timed Up and Go Test (TUG) and
Six-Minute Walk Test (6MWT), which are known to beFigure 1 Study design, recruitment, randomization to treatment, andvalid and reliable clinical instruments [22]. According to
the wide disability spectrum associated with PD, balance
impairments are common in patients [23]. The BBS will
be utilized to identify potential training effects on bal-
ance [24]. Functional gait performance will be measured
by the TUG [25]. Participants will be asked to walk as
quickly as they safely can under all conditions and will
be permitted to use their usual gait aid. The TUG mea-
sures a participant’s ability to perform sequential gait
movements and has been proved to be a reliable out-
come measure for use in PD. In addition, the 6MWT
will be completed to quantify walking capacity, mea-
sured as the distance covered in which conducted on a
20-meter walkway next to the laboratory and we record
total distance traveled. This test has demonstrated high
reliability in people with PD [26]. Assessment will be
performed during the patient’s self-reported optimal ‘ON’
period, often 1 hour after medication.
Secondary outcome measures
The Unified Parkinson’s Disease Rating Scale Motor
Section (UPDRS-III) [27] and the Parkinson’s Disease
Questionnaire-39 (PDQ-39) will be used as the secondary
outcome measures. The UPDRS-III will be administered
by a trained clinician who is blinded to group assignment.
Health-related quality of life will be measured using the
PDQ-39, a generic health-related quality of life measure,
which is specific to the PD population [28]. Participantsoutcomes assessment. PD: Parkinson’s disease.
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post administration) of anti-Parkinsonian medication. Sev-
eral measures will be taken to characterize participants at
each assessment session. Severity of PD will be catego-
rized with the Hoehn and Yahr scale [21] and freezing will
be characterized by the Freezing of Gait Questionnaire
[29], confidence will be measured by the Ambulatory Self-
confidence Questionnaire [30]. General demographic in-
formation to be recorded will be: age, disease duration,
medical history, mobility aid use, medication type and
dosage, and so on. Medication will be documented in de-
tail at every assessment time point.
Intervention
Tai Chi
The intervention will be composed of 1-hour group Tai
Chi classes customized for patients with PD, and held 3
times weekly for 2 months. The program will include
traditional warm-up exercises, followed by 6 simplified
Tai Chi movements taught by 2 certified and experi-
enced instructors (average experience of 20 years).
Warm-up exercises (15 minutes) will include weight-
shifting, arm-swinging, gentle stretches of the neck,
shoulders, spine, arms, legs, visualization techniques,
and traditional breathing methods (that is whole-body
breathing). These exercises will help release tension in
the physical body, incorporate mindfulness and imagery
into movement, increase awareness of breathing, and
promote overall relaxation of body and mind. The core
Tai Chi movements (45 minutes) will be adapted from
the Yang Short-form style of Master Cheng Man-ching
[16], and performed repetitively. The six movements are
as follows: (1) wave hands like clouds; (2) part the wild
horse’s mane on both sides; (3) step up and thrust down-
ward; (4) strike to ears with both fists; (5) repulse mon-
key; (6) grasp sparrow’s tail. These movements were
selected because they are easy to comprehend and
emphasize repeated bilateral stepping with body-weight
transfer that is helpful to retain postural stability for PD
patients. Chairs will be provided for resting, and patients
will be allowed to progress at their own comfort and
pace. After 2 months of training, the Tai Chi group will
be provided with a 30-minute instructional videotape
that outlines the exercises presented in class. Patients
will be required to continue to practice at home at least
three times per week. Class attendance will be moni-
tored, and adherence to practice will be tracked via
self-report logs, which obtain the weekly frequency
and duration of home Tai Chi practice.
Routine exercise
Subjects allocated to the control group will not receive
any specific training from the study schedule. They will
be requested to keep their original habit of routineexercise (except Tai Chi) such as walking, dancing, cyc-
ling, and so on, and they will also be requested to prac-
tice for 1 hour at a time, 3 times a week in the training
period as well as the follow-up. The follow-up training
for both groups will be monitored by phone call.
Assessment procedures
Data from patients and caregivers will be collected at
baseline (T0), 2 months (T1) and 8 months (T2) by 2
research assistants. Another 3 selected and trained occu-
pational therapists will score the BBS, TUG, 6MWT,
UPDRS-III and PDQ-39 in an activity that is video- re-
corded by the assessor. The data collected from the
assistants and therapists will be entered in a dedicated
computer and kept in a secure and lock-protected loca-
tion. All assessors and scorers are blinded for group allo-
cation and each participant will be followed up by the
same assessor. To test the quality of home-based routine
exercise, patients and caregivers will fill in all self-report
records. Observational tests or measures that follow a
semi-structured interview format will be conducted in
the patient’s home environment by the assessor. Consid-
ering possible response fluctuations in PD, measures will
be administered 1 hour after medication intake (the ‘ON’
phase). For budgetary reasons, the 6-month follow-up
training will be monitored by phone call and the data for
assessment will be finally collected by the same assessor.
Statistical analysis
Baseline analyses
The assessment of demographic characteristics of partic-
ipants at baseline will compare the participants who are
subsequently randomized and those who are screened
but not randomized. Exclusion from randomization will
be tabulated by a specific criterion.
Efficacy analysis of outcome measures
The primary analysis will compare the changes on BBS
from baseline to endpoint of treatment between two treat-
ment groups using analysis of covariance (ANCOVA)
adjusting by the BBS baseline value. The statistically sig-
nificant level of P-value is less than 0.05. If any partici-
pants drop out from the trial, intention-to-treat analyses
will be adopted. Participants who withdraw will be treated
as having no change from baseline at all times after drop-
ping out. In addition to intention-to-treat analyses, mul-
tiple imputation will be used to perform secondary
analyses. We will also check the mechanism of the partici-
pation drop-out and determine whether the missing data
is ignorable or not. If non-ignorable missing data methods
are needed, we will explore both selection and pattern-
mixture types. All efficacy analyses of primary and second-
ary outcome measurements will be conducted by the same
analytical strategy.
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for potential effect modification for the presence of a
spouse/carer on the therapeutic effect. Appropriate ad-
justments will be made in the statistical analyses for
potential factors which are unevenly distributed between
the two groups. Participants with significantly impair-
ment of balance, gait and quality of life at baseline will
be analyzed to determine the independent impact of
these disturbances on the therapeutic effect. Adjusted esti-
mates will be obtained by identifying baseline imbalances
and incorporating them into a regression model by pre-
and post-intervention primary outcome scores. If normal
distribution assumptions were not met, non-parametric
analysis will be adopted even after suitable transformations.
Follow-up evaluation
Physical activities and other leisure time activities will be
measured during the 6 months follow-up via telephone in-
terviews. This is to monitor changes among participants in
activities that can enhance performance on tests, apart
from Tai Chi and routine exercise. The self-completed
quality of life questionnaire will be mailed to participants
after 2 months from randomization. All baseline measure-
ments will be repeated at 6-month follow-up. Researchers
performing all measurements will be blinded to group al-
location and participants will be required not to reveal to
researchers which group they were in (Table 1).
Sample size
The sample size was calculated based on a pilot study













BBS × × ×
TUG × × ×
6WMT × × ×
UPDRS-III × × ×
PDQ-39 × × ×
Adverse experiencesa × ×
Combined medicationb × ×
aAdverse experiences: any adverse experiences at any visit during treatment
sessions and 24 weeks will be monitored. The research team will review all
trial protocols, monitor patient safety and investigate any adverse events.
bPatients will be asked whether they have used other medication during the
treatment. If they have used concomitant medications then the type and dose
of medication taken by them will also be recorded in detail.
Abbreviations: 6MWT, Six-Minute Walk Test; BBS, Berg Balance Scale; PD, Parkinson’s
disease; PDQ-39, Parkinson’s Disease Questionnaire-39; TUG, Timed Up and Go Test;
UPDRS-III, Unified Parkinson’s Disease Rating Scale Motor Section.the Hoehn and Yahr scale) who participated in the Tai
Chi exercise. To detect a difference of 4.0 in BBS and
assume a standard deviation of 7.2, the sample size of
116 was required at 80% power and 2-sided significance
alpha level of 0.05. According to the previous study, the
significant difference between Tai Chi and stretching
training was reported in TUG of patients with PD based
on a sample size of 65 in each group [16]. Therefore, the
optimal simple size, in anticipation of a 20% drop-out,
would be 71 per group (total 142).
Ethics
The study has been approved by the Medical Ethics
Committee of Affiliated Hospital of Jining Medical Uni-
versity (number 20140327). The investigator will explain
the benefits and risks of participation in the study to
each subject and will provide an informed consent form
approved by the Ethics Committee. Only patients who
sign the form will be included in the study. Results will
be published anonymously. If there is an unexpected
worsening of motor or neuropsychiatric symptoms, pa-
tients can immediately contact our clinic 24 hours a day
and will be immediately referred to a neurologist special-
izing in PD.
Discussion
It is important to realize that the role of exercise should
not be considered a cure for the disorder but rather a
strategy for maintaining as much normal function as
possible. Assessing balance, gait, aerobic fitness, flexibil-
ity, agility, coordination, strength and quality of life has
become a challenge for fitness professionals working
with older adults and those with PD. Currently, there
are no established exercise guidelines to appropriately
evaluate these factors.
This trial will be the first to compare the effect of Tai
Chi training and routine exercise in people with PD in
mainland China. Presently, Tai Chi is frequently used as
a daily health cultivation exercise in the Chinese popula-
tion, especially for the older people; although it has been
used to test its effectiveness in some diseases such as in-
somnia, low back pain and even stress, it is, however,
not clear whether Tai Chi should be advocated in Chin-
ese patients with PD. Recently, the beneficial role of Tai
Chi on PD has been reported in some countries; how-
ever, most of them just focus on the recovery of motor
function and there is a lack of reliable evidence of
follow-up effect for Tai Chi. The best type of exercise to
help the PD population likely depends on which best ad-
dresses the efficiency of treatment. This trial will reveal
the effect of Tai Chi, not only on focusing on balance
and gait performance, but also on health-related quality
of life, and for a follow-up period of 6 months. This data
will assist in investigating the impact of Tai Chi for
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own homes. There are also some limitations in our trial.
This is a single-center study and the number of partici-
pants included in our study is not large (a total of 142
patients was planned to be recruited). Moreover, the lack
of patient blinding may increase bias.
Tai Chi is a traditional Chinese mind-body exercise,
continuous in sequence, deep in breath and slow and
smooth from one movement to another. It is moderate
in exercise intensity. A recent review has reported that
moderate intensity exercise may be a reasonable choice
for people with PD [31]. Findings from this study will
provide insights for Chinese practitioners into the effects
of Tai Chi in people with PD. The information gained
from this project has the potential to influence the clin-
ical decisions of Chinese doctors, and will provide clear
evidence as to whether Tai Chi should be advocated in
people with PD. The results of the completed study will
be reported according to the Consolidation of Standards
for Reporting Trials guidelines [32].
Trial status
The study has been initiated as planned in June 2014.
Recruitment is ongoing. The study will be completed in
June 2017.
Abbreviations
ANCOVA: analysis of covariance; BBS: Berg Balance Scale; 6MWT: Six-Minute
Walk Test; PD: Parkinson’s disease; PDQ-39: Parkinson’s Disease
Questionnaire-39; SSPS: Statistical Package for the Social Sciences;
TUG: Timed Up and Go Test; UPDRS-III: Unified Parkinson’s Disease Rating
Scale Motor Section.
Competing interests
The authors declare that they no competing interests.
Authors’ contributions
YY participated in the design of the study and drafted the manuscript.
HY participated in the sequence alignment and calculated the sample size.
TW participated in the sequence alignment and performed the statistical
analysis. GL participated in its design and helped to draft the manuscript.
ZK calculated the sample size. SQ participated in the sequence alignment
and participated in the design. SD performed the statistical analysis and
drafted the manuscript. LC participated in its design and helped to draft the
manuscript. ZZ helped to draft the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
This study was supported by the Key Construction Department of Neurology in
Shandong, China: Natural Science Foundation of China (number.81271398). The
sponsors had no role in the study design, data collection, data analysis, data
interpretation or writing of the report.
Received: 22 August 2014 Accepted: 6 March 2015
References
1. Jankovic J. Parkinson’s disease: clinical features and diagnosis. J Neurol
Neurosurg Psychiatry. 2008;79:368–76.
2. Dorsey ER, Constantinescu R, Thompson JP, Biglan KM, Holloway RG,
Kieburtz K, et al. Projected number of people with Parkinson disease in the
most populous nations, 2005 through 2030. Neurology. 2007;68:384–6.3. Van Den Eeden SK, Tanner CM, Bemstein AL, Fross RD, Leimpeter A,
Bloch DA, et al. Incidence of Parkinson’s disease: variation by age, gender,
and race/ethnicity. Am J Epidemiol. 2003;157:1015–22.
4. Zhang ZX, Roman GC, Hong Z, Wu CB, Qu QM, Huang JB, et al. Parkinson’s
disease in China: prevalence in Beijing, Xian, and Shanghai. Lancet.
2005;365:595–7.
5. Hausdorff JM. Gait dynamics in Parkinson’s disease: common and distinct
behaviour among stride length, gait variability, and fractal-like scaling.
Chaos. 2009;19:026113.
6. Allen NE, Sherrington C, Paul SS, Canning CG. Balance and falls in
Parkinson’s disease: a meta-analysis of the effect of exercise and motor
training. Mov Disord. 2011;26:1605–15.
7. Temlett JA, Thompson PD. Reasons for admission to hospital for Parkinson’s
disease. Intern Med J. 2006;36:524–6.
8. Hackney ME, Earhart GM. Effects of dance on movement control in
Parkinson’s disease: a comparison of Argentine tango and American
ballroom. J Rehabil Med. 2009;41:475–81.
9. Canning CG, Allen NE, Dean CM, Goh L, Fung VS. Home-based treadmill
training for individuals with Parkinson’s disease: a randomized controlled
pilot trial. Clin Rehabil. 2012;26:817–26.
10. Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close JC.
Effective exercise for the prevention of falls: a systematic review and
meta-analysis. J Am Geriatr Soc. 2008;56:2234–43.
11. Van Praag H, Kempermann G, Gage FH. Running increases cell proliferation
and neurogenesis in the adult mouse dentate gyrus. Nat Neurosci.
1999;2:266–70.
12. Heyes MP, Garnett ES, Coates G. Nigrostriatal dopaminergic activity is
increased during exhaustive exercise stress in rats. Life Sci. 1988;42:1537–42.
13. Tillerson JL, Caudle WM, Reverón ME, Miller GW. Exercise induces behavioral
recovery and attenuates neurochemical deficits in rodent models of
Parkinson’s disease. Neuroscience. 2003;119:899–911.
14. Fisher BE, Petzinger GM, Nixon K, Hogg E, Bremmer S, Meshul CK, et al.
Exercise-induced behavioral recovery and neuroplasticity in the
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-lesioned mouse basal ganglia.
J Neurosci Res. 2004;77:378–90.
15. Frazzitta G, Balbi P, Maestri R, Bertotti G, Boveri N, Pezzoli G. The beneficial
role of intensive exercise on Parkinson disease progression. Am J Phys Med
Rehabil. 2013;92:523–32.
16. Li F, Harmer P, Fitzgerald K, Eckstrom E, Stock R, Galver J, et al. Tai Chi and
postural stability in patients with Parkinson’s disease. N Engl J Med.
2012;366:511–9.
17. Hackney ME, Earhart GM. Tai Chi improves balance and mobility in people
with Parkinson disease. Gait Posture. 2008;28:456–60.
18. Gao Q, Leung A, Yang Y, Wei Q, Guan M, Jia C, et al. Effects of Tai Chi on
balance and fall prevention in Parkinson’s disease: a randomized controlled
trial. Clin Rehabil. 2014;28:748–53.
19. Yang Y, Li XY, Gong L, Zhu YL, Hao YL. Tai Chi for improvement of
motor function, balance and gait in Parkinson’s disease: a systematic
review and meta-analysis. PLoS One. 2014;9(7):e102942. doi:10.1371/journal.
pone.0102942.
20. Ni X, Liu S, Lu F, Shi X, Guo X. Efficacy and safety of Tai Chi for Parkinson’s
disease: a systematic review and meta-analysis of randomized controlled
trials. PLoS One. 2014;9(6):e99377. doi:10.1371/journal.pone.0099377.
21. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality.
Neurology. 1967;17:427–42.
22. Whitney SL, Poole JL, Cass SP. A review of balance instruments for older
adults. Am J Occup Ther. 1998;52:666–71.
23. Dibble LE, Addison O, Papa E. The effects of exercise on balance in persons
with Parkinson’s disease: a systematic review across the disability spectrum.
J Neurol Phys Ther. 2009;33:14–26.
24. Berg K, Wood-Dauphinee S, Williams JI. The Balance Scale: reliability
assessment with elderly residents and patients with acute stroke.
Scand J Rehabil Med. 1995;27:27–36.
25. Morris ME, Huxham F, McGinley J, Dodd K, Iansek R. The biomechanics and
motor control of gait in Parkinson disease. Clin Biomech. 2001;16:459–70.
26. Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor DW,
et al. The 6-minute walk: a new measure of exercise capacity in patients
with chronic heart failure. Can Med Assoc J. 1985;132:919–23.
27. Movement Disorder Society Task Force on Rating Scales for Parkinson’s
Disease. The Unified Parkinson’s Disease Rating Scale (UPDRS): status and
recommendations. Mov Disord. 2003;18:738–50.
Yang et al. Trials  (2015) 16:111 Page 7 of 728. Peto V, Jenkinson C, Fitzpatrick R, Greenhall R. The development and
validation of a short measure of functioning and well being for individuals
with Parkinson’s disease. Qual Life Res. 1995;4:241–8.
29. Giladi N, Shabtai H, Simon ES, Biran S, Tal J, Korczyn AD. Construction of
freezing of gait questionnaire for patients with Parkinsonism. Parkinsonism
Relat Disord. 2000;6:165–70.
30. Asano M, Miller WC, Eng JJ. Development and psychometric properties of
the ambulatory self-confidence questionnaire. Gerontology. 2007;53:373–81.
31. Grazina R, Massano J. Physical exercise and Parkinson’s disease: influence on
symptoms, disease course and prevention. Rev Neurosci. 2013;24(2):139–52.
32. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010
statement: updated guidelines for reporting parallel group randomised
trials. Int J Surg. 2011;9(8):672–7.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
